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ABSTRACT 
The fish meat is an essential part of human diet. However, fish may be contaminated with different microorganisms, 
including pathogens. Antimicrobial resistance of fish microbiota may facilitate the spread of resistant microorganisms 
causing serious consequences for human health. The aim of the present study was to detect bacterial contamination in fish 
gill, gut and skin and to determine antimicrobial susceptibility of the bacterial isolates. Rainbow trout (Oncorhynchus 
mykiss) and bream (Abramis bram) were obtained from the market in Jelgava city. Chub (Leuciscus cephalus), crucian carp 
(Carassius carassius) and tench (Tinca tinca) were collected from fishermen. Fish samples were examined for the total 
bacterial count (TBC), coliforms, Enterobacteriaceae, Pseudomonas spp. and Aeromonas spp. Testing was done in 
accordance with International Organization for Standardization (ISO) standards. Identification of all bacteria was 
accomplished with the Matrix Assisted Laser Desorption Ionization – Time of Flight Mass Spectrometry (MALDI-TOF 
MS) method. The disc diffusion method was used for the detection of antibiotic susceptibility of isolated bacterial species. 
TBC ranged from 2.70 to 7.00 log CFU.g-1, coliforms from 0 to 2.67 log CFU.g-1, Enterobacteriaceae from 0 to 2.85 log 
CFU.g-1. The highest contamination with Pseudomonas spp. and Aeromonas spp. was observed in chub gut samples with 
1.60 log CFU.g-1 and 2.23 log CFU.g-1, respectively. Altogether, 16 microbial genera and 31 bacterial species were 
identified. The dominant bacterial species belonged to Pseudomonas spp. (54%) and Enterobacteriaceae. Pseudomonas 
spp. were resistant to ticarcillin, susceptibility to ciprofloxacin showed 88% of isolates. All Enterobacteriaceae isolates 
were susceptible to imipenem. The microbial quality of the fish was acceptable, but the presence of antibiotic resistant 
bacteria may further cause a negative impact on public health. 
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INTRODUCTION 
 The bacterial contamination of freshly caught fish 
depends to a great extent on the quality of surrounding 
water. The microbiota of fish is very diverse, its 
composition and amount can be influenced by many 
different factors, such as microbial population of water and 
bottom mud, water source type, fish species and the 
conditions of their habitat. The majority of 
microorganisms in fish were located in gills, gut and in 
mucus on the fish skin, while the internal organs and 
muscle tissue were relatively sterile (Austin, 2006; 
Cwiková, 2016).  
 Enterobacteriaceae and coliforms are indicator 
microorganisms that are permanently present in the 
intestine of humans and animals. They are not harmful to 
the host's organism, but under the appropriate conditions 
can cause a disease. The presence of indicator 
microorganisms in external environment indicates the 
contamination with human or animal faeces and could be 
detected with quantitative isolation of indicator 
microorganisms. The contamination rates are important for 
microbiological safety because of ability to indicate the 
presence of human and animals’ pathogens of intestinal 
origin. Enterobacteriaceae are widespread in the nature 
and can be found in soil, water, fruits, vegetables, grains, 
flowering plants and trees (Tosun, Üçok Alakavuk and 
Mol Tokay, 2016). Salmonella, Shigella, Yersinia, 
Escherichia of Enterobactericeae can cause intestinal 
foodborne infections and are transmitted by the fecal-oral 
or oral route with contaminated water, food or due to 
direct contact. Other Enterobactriaceae may serve as an 
opportunistic pathogens and Escherichia, Klebsiella, 
Enterobacter, Citrobacter, Proteus, Providencia, Serratia 
were reported to cause infections with non-intestinal 
clinical signs – bacteraemia, meningitis, wound infections, 
genitourinary and respiratory tract injuries (Flores-Tena et 
al., 2007; Dekker and Frank, 2015). The studies on 
composition of fish microbiota has been conducted in 
different countries but mostly the sea fish were studied 
(Yagoub, 2009; Oliveira, Oliveira and Pelli, 2017). 
Antimicrobial resistance is one of the most serious 
threats to public health, environmental health and food 
safety. Antimicrobial resistance is increasing to 
threateningly high levels throughout the world. 
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Antimicrobial resistance reduces the effectiveness of 
treatment of infections in humans and animals, contributes 
to the increase in morbidity, mortality and leads to 
significant economic losses (Petersen et al., 2002; 
Wamala et al., 2018). The use of antibiotics in 
aquaculture for therapeutic and preventive purposes is a 
growing problem for world livestock and environmental 
health. From aquaculture, the antimicrobials may be 
spread in the environment in the concentration sufficient to 
cause microbial imbalance in animals and human with the 
emergence of antimicrobial resistance in the society. It has 
been proved that the antibiotic-resistant bacteria may be 
present in fish with their subsequent transfer to humans via 
the consumption of fish or contaminated environment 
(Heuer et al., 2009). 
 The consumption of the fish in the EU is continuously 
increasing, however, the fish products were frequently 
associated with gastrointestinal infections in humans 
(EFSA and ECDC, 2017). Nowadays, people tend to 
follow a healthy lifestyle by choosing fresh foods or food 
with optimal nutritional value like fish and fish products, 
which are known as the source of protein, contain omega-3 
amino acids, vitamins and minerals such as phosphorus. 
However, the risk for consumers related to the eating of 
fish contaminated with non-pathogenic and pathogenic 
microflora with variable antimicrobial resistance rates is 
concerning (Da Silva et al., 2010; Cwiková, 2016). 
Therefore, the aim of the present study was to detect 
bacterial contamination in fish gill, gut and skin and to 
determine antimicrobial susceptibility of the bacterial 
isolates. 
 
Scientific hypothesis 
 The scientific hypothesis of this study was that the 
freshwater fish were contaminated with bacteria, and the 
bacterial isolates are resistant to antibiotics. 
 
MATERIAL AND METHODOLOGY 
Selection of samples 
 Altogether, 15 fish samples were collected, including  
2 rainbow trout (Oncorhynchus mykiss) and 3 bream 
(Abramis brama) samples were obtained from the market 
and 3 chub (Leuciscus cephalus), 4 crucian carp 
(Carassius carassius) and 3 tench (Tinca tinca) were 
collected from the fishermen in June 2017 in Jelgava. Fish 
were caught in the  river Lielupe. All fish were placed in 
the sterile polyethylene sampling bags, and transported n 
ice to the laboratory. The investigations were initiated 
within 2 h after deliver to the laboratory. 
 
Sampling 
 Aseptically, 1 g of sample was taken from each fish skin, 
gills and gut. Skin samples were taken from the lateral line 
of the fish. Operculum was opened, and gills were 
dissected for preparation of gill samples. Gut samples were 
taken by cutting of the abdomen till the anal fin and after 
opening the body cavity. 
 
Bacteriological analyses 
 The sample suspension of 1:10 with 0.1% peptone water 
(OXOID, UK) was used for bacteriological testing. An 
amount of 1 mL was plated onto Tryptone Soy Agar (TSA, 
OXOID, UK) for detection of total bacterial counts. After 
incubation at 30 °C for 72 h, all colonies were counted. 
For the detection and enumeration of coliforms, the sample 
suspension was plated onto Violet Red Bile Lactose Agar 
(VRBL, OXOID, UK). Inoculated agars were incubated at 
37 °C for 24 h and all typical colonies from dark red to 
deep purple coloured colonies were counted (ISO 
4832:2006). MacConkey agar (MAC, OXOID, UK) were 
used for detection of Enterobacteriaceae and inoculated 
agars were incubated at 37 ºC for 24 h, and after that the 
typical colonies were enumerated - lactose fermenting 
bacteria produced red to pink and non-lactose fermenting 
bacteria have colourless and transparent colonies (ISO 
21528:2017). Pseudomonas CFC Selective Agar (OXOID, 
UK) were used for detection and enumeration of 
Pseudomonas spp. (ISO 13720: 2010). Agar plates were 
incubated at 30 °C to 48 h and examined for the presence 
of colonies. All grown colonies were counted. Aeromonas 
Agar (Ryan, OXOID, UK) was used for detection of 
Aeromonas spp. The plates were incubated at 37 °C for 24 
h, after that were examined for the presence of dark green, 
opaque colonies with dark centres. 
 
Identification of bacterial species with MALDI-
TOF Biotyper MS 
 MALDI-TOF Mass Spectrometry model Microflex 
LT/SH biotyper (Bruker Daltonics, Germany, Bremen) 
was used for identification of bacteria species isolated 
from fish. Typical bacterial colonies were selected from all 
agars, picked up and suspended in 300 μL of sterile 
distilled water and mixed. Then, a 900 μL of absolute 
ethanol (99%, Sigma-Aldrich, USA) was added. The 
solution was centrifuged at 13 000 × g for 2 min. 
Supernatant was removed, ethanol pipetted, and the pellet 
was allowed to dry at a room temperature. At first, the 
pellet was added and mixed with formic acid (10 μL, 70%) 
and then with acetonitrile (10 μL, 100%). The solution was 
centrifuged at maximum speed for 2 min. The supernatant 
was placed on a polished MALDI plate (Bruker Daltonics, 
Germany) and after drying a 1 μL of the matrix solution 
(HCCA: α-cyano-4-hydroxycinnamic acid (Bruker 
Daltonics, Germany), 50% acetonitrile with 0.025% 
trifluoroacetic acid (TFA) (100%, Sigma-Aldrich, USA)) 
was added in the spots. Sample processing was performed 
with MALDI-TOF MS (Microflex LT/SH, Bruker 
Daltonics) using the MALDI Biotyper software package 
(version 3.0) and data were obtained with Realtime 
Classification software (RTC) (Bruker Daltonics). Data 
processing was carried out by Biotyper software, where 
sample mass spectrum was compared with the reference 
mass spectrum and the score values were calculated. 
 
Antibiotic susceptibility testing of bacterial 
isolates 
 Antimicrobial resistance of Pseudomonas and 
Enterobacteriaceae bacteria confirmed with the MALDI 
TOF MS Biotyper (Brucker Daltonics) was tested with the 
disc diffusion method. Suspension of bacterial isolates in 
Mueller Hinton broth was placed onto Mueller Hinton agar 
(MHA, OXOID, UK). The antimicrobial discs were placed 
on the MHA (OXOID, UK) surface after the inoculation, 
agars were allowed to dry out at room temperature and 
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were incubated at 37 °C for 24 h. Pseudomonas spp. 
isolates were tested against ticarcillin (75 μg), cefotaxime 
(30 μg), ciprofloxacin (10 μg), imipenem (10 μg) and 
doripenem  
(10 µg) (Oxoid, UK). Enterobacteriaceae were tested 
against ticarcillin (75 μg), cefepime (30 μg), ciprofloxacin 
(10 μg), imipenem (10 μg) and tobramycin (10 µg) 
(Oxoid, UK). Antimicrobial susceptibility testing was 
performed according to the CLSI guidelines and the results 
were interpreted in accordance with EUCAST breakpoint 
tables (EUCAST, 2018). 
 
Statistical analyses  
 Statistical analyses were performed by R software, 
version 3.4.3, for data management RStudio was used. 
Bacterial counts were expressed in decimal logarithms. T-
test was used for calculating differences among the total 
bacterial count (TBC), coliforms and Enterobacteriaceae 
in fish gills, gut and skin samples. The one-way analysis of 
variance (ANOVA) was used to detect significant 
differences between the bacterial contamination rates of 
fish gills, gut and skin samples (p <0.05). 
 
RESULTS AND DISCUSSION 
 TBC ranged from 2.70 to 7.00 log CFU.g-1 in all fish 
samples. The highest TBC was detected in gut of bream 
and tench, while the lowest in rainbow trout skin (Table 1). 
Coliforms were not detected in crucian carp gill and tench 
skin samples, while the highest numbers of coliforms were 
found in crucian carp and tench gut with 2.67 and  
2.51 log CFU.g-1. The highest Enterobacteriaceae counts 
of 2.85 and 2.75 log CFU.g-1 were identified in bream gill 
and crucian carp gut, while Enterobacteriaceae were not 
isolated from the chub gill, bream skin and tench gill and 
skin samples. Pseudomonas spp. and Aeromonas spp. were 
not found in rainbow trout, crucian carp and tench samples. 
The highest contamination with Pseudomonas spp. was 
observed in chub gill and gut samples with 1.46 and  
1.60 log CFU.g-1. The most contaminated fish species with 
Aeromonas spp. was the chub – 1.93 log CFU.g-1 in gill,  
2.23 log CFU.g-1 in gut and 0.60 log CFU.g-1 in skin. 
 The microbiological criteria as total bacterial count 
(TBC) and Enterobacteriaceae are applied widely to 
ensure the microbiological quality and safety of foods. The 
TBC shows the general level of contamination and the 
shelf-life stability while the coliforms and 
Enterobacteriaceae indicate the presence of faecal 
contamination and possible pathogens in foods 
(Tortorello, 2003). In the present study, the TBC were in 
line with Eizenberga et al. (2015) reported for freshwater 
fish from Usmas lake in Latvia with gill, skin and gut 
contamination rates from 1.26 to 8.08 log10 CFU.g-1, from 
1.04 to 8.61 log10 CFU.g-1 and from 1.45 to 7.36 log10 
CFU.g-1, respectively. However, our results were lower 
than Terentjeva et al. (2015) stated for bream obtained 
from Usmas lake in Latvia with 5.48 log CFU.g-1 for skin 
contamination with TBC and 7.24 log CFU.g-1 with 
Enterobacteriaceae.  
 Aeromonas spp. are distributed in freshwater habitats 
worldwide. Stratev, Vashin and Daskalov (2015) found 
the contamination with Aeromonas spp. in cooled rainbow 
trout and trout fillets at retail markets. Abd-El-Malek 
(2017) reported that the raw fish in Egypt were 
contaminated with Aeromonas spp. and majority of the 
isolates were identified as A. hydrophila. This bacterium is 
pathogenic not only for humans but also for fish and is 
commonly found in water. Inhabited in an aquatic 
environment, A. hydrophila is reported to be the cause of 
secondary infection of wounds, sepsis, cellulitis, 
pneumonitis, gastroenteritis and necrotizing fasciitis. 
(Hassan and Farag, 2006). High prevalence psychrophilic 
bacteria, especially proteolytically active microorganisms 
 Table 1 Bacterial contamination of freshwater fish. 
Fish species 
Sampling 
site 
TBC Coliforms Enterobacteriaceae 
Pseudomonas 
spp. 
Aeromonas 
spp. 
log CFU.g-1 log CFU.g-1 log CFU.g-1 log CFU.g-1 log CFU.g-1 
Rainbow trout 
(Oncorhynchus 
mykiss) 
Gills 
Gut 
Skin 
3.16a 
3.37b 
2.70a 
1.52 
1.04 
1.43 
2.03 
1.68 
2.25 
0 
0 
0 
0 
0 
0 
Chub 
(Leuciscus 
cephalus) 
Gills 
Gut 
Skin 
3.58a 
2.97b 
3.18a 
2.11 
1.77 
0.30 
0 
2.35d 
0.78 
1.46e 
1.60 
0 
1.93e 
2.23 
0.60 
Bream 
(Abramis 
bram) 
Gills 
Gut 
Skin 
3.15a 
7.00b 
3.23a 
0.60 
1.78c 
0.30 
2.85 
2.36d 
0 
0.3 
0 
0 
0 
0 
1.38 
Crucian  carp 
(Carassius 
carassius) 
Gills 
Gut 
Skin 
3.08a 
3.18b 
2.74a 
0 
2.67c 
0.30 
1.18 
2.75d 
1.30 
0 
0 
0 
0 
0 
0 
Tench (Tinca 
tinca) 
Gills 
Gut 
Skin 
3.39a 
7.00b 
2.79a 
1.04 
2.51c 
0 
0 
2.60d 
0 
0 
0 
0 
0 
0 
0 
Note: a no significant differences between TBC in tested fish gill and skin samples were observed (p >0.05); 
             b TBC in bream and tench gut was significantly higher than in gut of rainbow trout, chub and crucian carp (p <0.05); 
                c coliform counts in bream, crucian carp and tench gut were significantly higher than in gill and skin samples  
             (p <0.05); 
                d Enterobacteriaceae counts in chub, bream, crucian carp and tench gut samples were significantly higher than in gill 
             and skin samples (p <0.05); 
                e Pseudomonas spp. and Aeromonas spp. in chub samples was significantly higher than in other tested fish (p <0.05). 
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– Pseudomonas spp. and Aeromonas spp. can predispose 
fish to a more rapid process of microbiological 
deterioration of fish meat quality (Cipriano and Dove, 
2011; Larsen, 2014).  
 Tested fish bacterial microbiota contained 16 microbial 
genera, from which the most abundant were Pseudomonas 
spp. (54%) (Figure 1). Shewanella spp. (5%) and Serratia 
spp. (5%) were also among the most frequently isolated. 
Other genera isolated were Escherichia spp., Lelliottia 
spp., Leclercia spp., Bacillus spp., Citrobacter spp. and 
Rahnella spp., Morganella spp., Acinetobacter spp., 
Achromobacter spp., Aromatoleum spp., Burkholderia 
spp., Arthrobacter spp. and Staphylococcus spp.  
 Our results agreed with Kim, Brunt and Austin (2007), 
who found Aeromonadaceae, Enterobacteriaceae and 
Pseudomonadaceae to be the most abundant microflora in 
rainbow trout intestine samples. Our study confirms the 
findings of Yagoub (2009) who isolated similar bacteria 
genera from fish samples.  
 Bacterial species isolated from freshwater fish gill, gut 
and skin samples are shown in Table 2. Overall, 31 
bacterial species were identified with MALDI-TOF mass 
spectrometry. The gill microbiota was more diverse than 
the microbiota of gut and skin with only some 
Pseudomonas spp. were present in fish skin. Pseudomonas 
proteolytica, P. brenneri, P. cedrina, P. veronii and 
Lelliottia amnigena were dominant bacteria species 
isolated from gills and skin. Intestinal bacterial microbiota 
consisted of species, which were specifically found in gut 
– Arthrobacter monumenti, P. grimondii, P. gessardii, P. 
synxantha, P. libanensis, P. tolaasii, Achromobacter 
xylosoxidans, Aromatoleum alkani, Burkholderia 
thailandensis. 
 In previous studies, the skin and gill microbiota were 
evaluated together due to influence of water pollution on 
the fish microflora (Larsen, 2014). Fernandes (2009) 
found that the Gram-negative bacteria were predominant. 
Several genera as Bacillus spp., Pseudomonas spp., 
Leclercia spp., Acinetobacter spp., Citrobacter spp., 
Achromobacter spp., Escherichia spp., Serratia spp., 
Rahnella spp. and Staphylococcus spp. found in our study, 
have been previously associated with microbiota of gill, 
gut and skin (Austin, 2006). 
 Pseudomonas spp. are widespread in nature and have 
been isolated from aquatic environment and fish. Some 
species can cause a negative effect on animal and human 
health, eg. P. fluorescens is a potential pathogen that can 
influence the physiological processes of neurons (Picot et 
al., 2001). Other pseudomonas can cause diseases in fish 
and contribute the spoilage processes of fish meat. 
Pseudomonas spp. were considered to be relatively 
resistant to antibiotics (Kačániová et al., 2017). The 
members of the Shewanella spp., specially S. baltica were 
described in spoilage of chilled marine products (Ge et al., 
2016). In agreement with Starliper (2001) and Aydin, 
Erman and Bilgin (2011), Serratia liquefaciens is a 
potential fish pathogen, which can lead to high mortality, 
causing economic losses. Altun et al. (2013) refers about 
pathogenicity of Citrobacter braakii isolated from rainbow 
trout in Bursa. Leclercia adecarboxylata infection was 
rarely reported in humans and the infection were described 
in patients with impaired immunity. L. adecarboxylata is 
expected to be the pathogen related to the aquatic 
environment (Keren et al., 2014). R. aquatilis is prevalent 
in the environment and has previously been isolated from 
various water reservoirs, soil, clinical specimens and 
foodstuffs. R. aquatilis is an opportunistic pathogen that 
can cause a variety of serious gastrointestinal, urinary, 
respiratory and cardiovascular diseases. The consequences 
can be even dangerous for human life (Alikunhi et al., 
2017). Bacillus cereus is widespread in nature, it causes 
two types of food-borne diseases: toxicosis caused by 
previously produced toxin and toxicity caused by bacterial 
cells that produce enterotoxins in the small intestine 
 
 
 Figure 1 Microorganisms isolated from freshwater fish. 
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(Rasool et al., 2017). B. cereus was isolated from fish in 
India and tropical fish from Shivajinagar area of 
Bangalore, India (Rasool et al., 2017; Prasad, 2014).  
 Emetic disease caused by B. cereus associated with tuna 
fish consumption was reported (Doménech-Sánchez et 
al., 2011). Escherichia vulneris was originally isolated 
from human skin lesions, but recently the microorganism 
was isolated from water and fish. E. vulneris is present in 
the intestinal tract of animals, so the bacterium can cause 
environmental pollution (Aydin, Celebi and Akyurt, 
1997). Proportion of the microorganisms isolated in this 
study can contribute to the spoilage processes of fish and 
also act as infectious agents for fish and consumers.  
 All Pseudomonas species isolated from freshwater fish 
were resistant to ticarcillin (Table 3). P. grimondii, P. 
fluorescens, P. synxantha, P. tolaasii, P. taetrolens and P. 
gessardii were susceptible to cefepime (64%). 
Susceptibility to ciprofloxacin showed 91% of the isolates. 
Resistance to imipenem demonstrated 73% of the isolates. 
Most of the isolates (91%) except P. taetrolens were 
resistant to doripenem. P. taetrolens was sensitive to 
antibiotics including cefepime, ciprofloxacin, imipenem 
and doripenem. This study shows the high prevalence of 
antibiotic-resistant Pseudomonas spp. strains in fish. Our 
results agreed with Kačániová et al., 2017 about 
occurrence of antibiotic-resistant Pseudomonas spp. in 
freshwater fish. Some antimicrobials were effective 
against Pseudomonas spp. in Kholil et al. (2015) study, 
who showed Pseudomonas spp. susceptibility to 
ciprofloxacin. Oxytetracycline, tetracycline and 
ciprofloxacin were found to be effective against 
Pseudomonas spp. also by Mastan (2013). 
 Results on antimicrobial resistance of 
Enterobacteriaceae from fish samples are shown in Table 
4. L. amnigena isolates were resistant to ticarcillin, 
however, showed susceptibility against other antibiotics. 
E. vulneris showed 100% resistance to ticarcillin and 50% 
to cefotaxime and tobramycin. Staphylococcus equorum 
 Table 2 Microorganisms wre isolated from gills, gut and skin of freshwater fish. 
Bacterial species 
Gills Gut Skin 
Lelliottia amnigena 
Escherichia vulneris 
Pseudomonas proteolytica 
Pseudomonas rhodesiae 
Pseudomonas fluorescens 
Pseudomonas gessardii  
Bacillus cereus 
Pseudomonas putida Pseudomonas 
brenneri Pseudomonas cedrina 
Pseudomonas koreensis 
Pseudomonas veronii  
Shewanella profunda  
Shewanella baltica 
Rahnella aquatilis 
Leclercia adecarboxylata 
Citrobacter braakii 
Arthrobacter monumenti  
Pseudomonas grimondii  
Pseudomonas fluorescens  
Pseudomonas gessardii  
Pseudomonas synxantha  
Pseudomonas libanensis  
Pseudomonas tolaasii 
Achromobacter xylosoxidans 
Aromatoleum alkani 
Burkholderia thailandensis 
Pseudomonas brenneri 
Pseudomonas proteolytica 
Pseudomonas cedrina 
Pseudomonas orientalis 
Acinetobacter tjembergiae 
Morganella morgani 
Serratia rubidaea 
Staphylococcus equorum 
Lelliottia amnigena 
Serratia liquefaciens 
Pseudomonas veronii 
 
 
 Table 3 Antibiotic susceptibility of Pseudomonas spp. isolates from fish samples. 
Bacterial isolates 
No. of 
isolates 
TIC FEP CIP IMP DOR 
No. of resistant isolates (%) 
Pseudomonas grimondii 1 1 (100) 0 (0) 0 (0) 1 (100) 1 (100) 
Pseudomonas putida 1 1 (100) 1 (100) 0 (0) 0 (0) 1 (100) 
Pseudomonas fluorescens 1 1 (100) 0 (0) 0 (0) 0 (0) 1 (100) 
Pseudomonas synxantha 1 1 (100) 0 (0) 0 (0) 1 (100) 1 (100) 
Pseudomonas libanensis 2 2 (100) 2 (100) 0 (0) 2 (100) 2 (100) 
Pseudomonas tolaasii 1 1 (100) 0 (0) 0 (0) 1 (100) 1 (100) 
Pseudomonas taetrolens 1 1 (100) 0 (0) 0 (0) 0 (0) 0 (0) 
Note: TIC: ticarcillin; FEP: cefepime; CIP: ciprofloxacin; IMP: imipenem; DOR: doripenem. 
 
 Table 4 Antibiotic susceptibility of Enterobacteriaceae isolates from fish samples. 
Bacterial isolates 
No. of 
isolates 
TIC CTX CIP IMP TOB 
No. of resistant isolates (%) 
Lelliotia amnigena 2 2 (100) 0 (0) 1 (50) 0 (0) 1 (50) 
Escherichia vulneris 2 2 (100) 1 (50) 0 (0) 0 (0) 1 (50) 
Staphylococcus equorum 1 0 (0) 1 (100) 0 (0) 0 (0) 0 (0) 
Rahnella aquatillis 1 1 (100) 1 (100) 0 (0) 1 (100) 1 (100) 
Note: TIC: ticarcillin; CTX: cefotaxime; CIP: ciprofloxacin; IMP: imipenem; TOB: tobramycin. 
 
Potravinarstvo Slovak Journal of Food Sciences 
Volume 13 413  No. 1/2019 
were resistant only to cefotaxime. R. aquatillis showed 
resistance to ticarcillin, cefotaxime, imipenem and 
tobramycin. Totally, 83% of isolates expressed 
susceptibility to ciprofloxacin with only one isolate of the 
L. amnigena was resistant. Susceptibility to imipenem was 
83%, but resistance to cefotaxime was 50% among 
Enterobacteriaceae isolates. Resistant Enterobacteriaceae 
were found in water sources previously (Guyomard-
Rabenirina et al., 2017). Stock and Wiedemann (1999) 
reported E. vulneris was the species the most susceptible to 
ticarcillin. The antimicrobial resistance become emerging 
problem with international organizations and the EU 
institutions have recognized that the development of 
antimicrobial resistance raises severe consequences for 
human and animal health and well-being (Singer et al., 
2016). The present study showed the occurrence of 
resistant bacteria in freshwater fish.  
 
CONCLUSION 
 The results of our study confirm that freshwater fish are 
contaminated with bacteria, but in general, the microbial 
quality of freshly caught fish is acceptable. Fish gill, gut 
and skin microflora was very diverse with Pseudomonas 
spp. and Enterobacteriaceae were the most abundant. 
Groups of microorganisms. Our results confirm that 
antibiotic resistant bacteria could be found in fish that 
represents possible public health consequences.  
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